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Abstract
The paper provides a further verification of the Functional Products (FP) technical lifecycle and additional details regarding its 
four sub-lifecycles concerning: hardware, software, service-support system and management of operation. Outlined, in a novel 
way, is how the four sub-lifecycles may be embodied in order to manage and keep the FP technical lifecycle running at an 
agreed-upon level of availability. The FP technical lifecycle is further analyzed from the viewpoint of its supporting role to the 
FP economic lifecycle, as well as compliance, regulatory and commercial aspects. 
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1. Introduction 
The aim of this paper is to provide a further verification of 
the previously proposed Functional Products (FP) technical 
lifecycle [1] and outline additional details regarding its four 
sub-lifecycles concerning hardware, software, service-support 
system and management of operation. The lifecycle aspects, 
which commonly are regarded through the lenses of economy, 
ecology and society, are gaining in importance and becoming 
increasingly interesting due to the increasing awareness and 
actability of customers and society pertaining to these aspects. 
However, in this paper the FP technical lifecycle will be 
viewed from the following perspectives: supporting role to the 
FP economical lifecycle, compliance, regulations and
commercial.
Many manufacturing companies, in order to strengthen 
their competiveness under conditions of increasing 
globalization, strive to develop, market and sell offers based 
on advanced concepts or business models, rather than 
conventional products and services. The paper focuses on such 
a concept or business model i.e., FP 1 [4, 10-12], which 
1 The concept of FP has similarities with, for instance, Functional Sales [2],
Extended Products [3], Total Care Product [4], Product-Service System (PSS) 
incorporates hardware (HW), software (SW), service-support 
system (SSS) and management of operation (MO) into a 
combined package that provides a function with a specified or 
agreed-upon level of availability to customers. Other potential 
guiding contract parameters may be to reach a certain result or 
level of productivity through the function provided. 
Throughout the overall FP lifecycle, comprising both the 
economic and technical lifecycle, operation of the FP needs to
be managed, improved and optimized. The FP offering 
optimizes the long-term value for both the customer and 
provider and facilitates a sustainable win-win situation. 
The definition of an FP technical lifecycle, which can range 
up to 20-30 years, has been initially proposed in [1], and the 
main focus of this paper is to further verify the definition as 
well as provide further details on its four sub-lifecycles. Since 
the four main FP constituents: HW, SW, SSS and MO define 
the FP concept, the FP technical lifecycle may be delimited 
and defined by the perimeters of these four main constituents. 
According to [1], the FP technical lifecycle is to a large extent 
and Industrial Product-Service Systems (IPS2) [5], Servicizing [6], Service 
Engineering [7] or Through-life Engineering Services (TES) [8] in the sense 
of increasing the focus on soft parts such as services, knowledge and know-
how etc., additionally offered. Tukker and Tischner [9] have identified three 
main PSS categories: product-oriented, use-oriented and result-oriented,
which may also be applicable for the other concepts.
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defined by the HW and SW technical sub-lifecycles. Further,
according to [1], the SSS enables the technical lifecycle 
through proactive/reactive service and maintenance. The SSS 
has its own technical sub-lifecycle as well, and relies on, for 
instance, access to spare parts, service/support personnel, 
skills and knowledge, etc. In addition, the MO technical sub-
lifecycle manages, coordinates, ensures and supports the other 
technical sub-lifecycles [1].
The FP technical lifecycle enables and supports the FP 
economic lifecycle, based on the provider-customer relation,
and sustains a win-win situation between the provider and its
customers. According to [1], if the win-win situation can no
longer be sustained for certain customer instances, the 
contracts need to be re-negotiated in order to find new a win-
win situation(s). If a win-win situation is not sustainable for a
majority of customer instances, the contracts will probably be 
terminated, thereby ending the current economic lifecycle.
Current research on the FP technical lifecycle is scarce;
however, [1] outlines it on a high level. A number of 
publications bring up certain aspects that should be considered 
during the FP technical lifecycle, e.g., [4, 10, 12-14].
Regarding the related research within the closely related 
concepts TES, PSS and IPS2, the literature review did not 
reveal any publications explicitly addressing the technical 
lifecycle. However, aspects thereof are addressed in e.g., [8,
15-16] for TES, in [17-21] for PSS, and in [5, 22-24] for IPS2.
Due to economic issues, the expected technical and 
economic lifecycles are sometimes extended considerably
further than envisioned from start. Common examples of such
are public transportation systems e.g., railways and subways
[25]. Baker [26] argues that many offers’ lifecycles are 
shortened and that their through-life plans no longer have any 
major technology insertions or mid-life upgrades. Although, if
such offerings are sold as FP, the FP provider must keep 
maintain them to meet the agreed-upon level of availability. 
To maintain a win-win situation, the customer must 
understand that the provider needs to be compensated for the 
foreseen costs and risks assumed, which in not necessarily the 
case when conventional products with services are provided.
Currently, the literature lacks contributions which address 
the FP technical lifecycle and its four sub-lifecycles in a 
detailed manner. There are several relevant contributions on 
FP through-lifecycle aspects, but these papers do not consider 
the FP technical lifecycle in any great depth. Thus, the 
research question addressed in this paper can be formulated 
as: how may the FP technical lifecycle and its four sub-
lifecycles be embodied? The purpose of the paper is to outline 
additional details of an FP technical lifecycle, which can be 
used by industry as well as researchers. The FP technical 
lifecycle will be discussed from the following perspectives: its 
supportive role in the FP economic lifecycle, compliance, and 
regulatory and commercial aspects.
2. Research approach
The research approach was based on a literature review 
followed by empirical studies at four manufacturing 
corporations. The literature review was used to guide the 
empirical studies, and a potential outline of the proposed 
contents of the FP technical lifecycle and its four sub-
lifecycles was sent to the respondents prior to the interviews.
The empirical studies were conducted using semi-structured 
open-ended interviews [27, 28] with ten respondents working 
for corporations active in the Faste Laboratory at Luleå 
University of Technology, Sweden, which is a VINNOVA
(The Swedish Governmental Agency for Innovation Systems)
Excellence Centre concerned with FP Innovation. In addition, 
one additional corporation, Electrolux, which sells functional 
offers to customers, also contributed to the empirical studies. 
Thus, the respondents were well aware of and knowledgeable 
regarding FP. The respondents were professionals responsible 
for services, research coordination, development and sales at 
four international corporations. The respondents’ years of 
experience (YOE) are indicated below as well:
1. Bosch Rexroth Mellansel AB (seven respondents –
manager services, technical product managers motors 
and systems, systems engineer motors, systems 
monitoring engineer, simulation engineer, 
mechanical engineer, 10-40 YOE)
2. Volvo CE (one respondent – chief project manager,
15 YOE)
3. Gestamp Hardtech (one respondent – manager tool 
design and development, 25 YOE)
4. Electrolux (one respondent – regional category 
manager, 25 YOE)
The purpose of having multiple corporations with diverse 
focus was to ensure an advance in the understanding of the FP 
technical lifecycle and which aspects and perspectives are of 
importance, considering the similarities and differences 
between the corporations [cf. 29]. Although the corporations 
provide different offers, they all face the common challenge of
how to best develop, market and sell FP and/or related 
offerings such as PSS/IPS2. The corporations are all 
manufacturing corporations with roots in hardware 
development. Additional components have been added to their 
customer offerings, and what the additional components 
comprise and their importance differs depending on the 
industry and customer segments served. The FP planned or 
currently offered by the corporations differ and have differing 
emphasis on the composition of hardware, software, service 
support system and management of operation. Initially, semi-
structured interviews were used, with open-ended questions
allowing the respondents to give detailed answers and add 
extra information where deemed necessary [30]. The data 
collected were corroborated with the interviewees during the 
interviews using a projector when face-to-face, or via a shared 
application window when using conference tools such as Lync 
or Skype. The interviews lasted for about one and a half hours
on average. The collected data were displayed and analyzed 
using a matrix [31]. The analyzed data were used for the 
conceptualization of an FP technical lifecycle and its sub-
lifecycles, and which aspects thereof were considered as 
important or vital.
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3. Towards an outline of the Functional Product lifecycle
and its four sub-lifecycles
Similar to many lifecycle definitions (see introduction), the 
FP technical lifecycle outlined below is built up of similar 
phases, i.e.: planning, design/development, realization,
operations/usage and end-of-life (disposal, destruction, 
recycling, etc.). The FP technical lifecycle in Figure 1 is 
outlined both on an overall FP level and with the main 
constituents HW, SW, SSS and MO.
Figure 1. The outlined FP technical lifecycle seen from an 
overall FP level (based on [1])
Figure 1 outlines an FP lifecycle seen from a technical 
perspective, and takes into account the four main constituents 
and their respective technical lifecycles or technical sub-
lifecycles. Each of these four sub-lifecycles has different and 
individual characteristics in terms of length, need for 
service/maintenance, upgrades/remanufacturing, etc. when 
entering the operations/usage phase [1]. The sub-lifecycles 
commonly run in iterations or cycles, and thus run many times 
throughout the duration of the FP technical lifecycle. Thus, the 
FP main constituents may be further or continuously 
developed/improved or upgraded/redesigned while running 
versions of them are in operation/usage. This is necessary to 
maintain a high level of availability and to avoid 
problems/disruptions in operations/usage. Further, down-
cycling may be an option as the FP approaches the end of its 
technical lifecycle.
3.1. Empirical data - verification of FP technical lifecycle
In order to further verify the FP technical lifecycle 
proposed in [1] and the four sub-lifecycles (based on [1, 12, 
32], interviews were conducted with respondents from four 
international corporations. 
The respondents consider the outlined FP technical 
lifecycle depicted in Figure 1 as a realistic way of illustrating 
or outlining it. Further, the respondents shared additional 
insights and comments on the technical sub-lifecycles, and 
these are listed in section 3.2. Below, the respondents’ input 
on the overall FP technical lifecycle is given.
Some general input from the respondents on the overall FP 
technical lifecycle was that, for consumer-oriented FP, the 
lifecycle’s duration gets shorter, whereas the duration of 
professionally oriented FP seems to be extended. In the case 
of the latter, this will increase the requirements on the SSS 
and, in particular, on the SW in terms of 
maintenance/operation of embedded SW in tools and 
production lines, as the SW’s contribution to the value offered 
will grow in many FP. As the wear and tear on the HW is 
volume-dependent in terms of how much output is produced 
by an FP, the HW is commonly replaced or re-manufactured 
considerably more often than the related SW is changed. This 
means that the monitoring of the delivered function and 
availability becomes increasingly important if FP output 
volumes are pushed to higher levels, in order to keep the 
availability level up and honor customer order delivery dates 
as the windows for planned service get shorter. If the technical 
lifecycle is long, a number of measures and improvements are 
needed on a regular basis and, to keep up with small deliveries 
to customers, sub-suppliers can be used for reasons of 
flexibility. One issue as the duration of the offer extends over
many years is to keep the required knowledge-level. An
additional issue is to maintain reasonable cost efficiency for 
shorter technical lifecycles, as customer requirements 
regarding tolerances and quality seem to increase in 
combination with high availability of FP output. For longer 
ones, backward compatibility in terms of HW and SW are 
tough issues to deal with.
To manage/coordinate the FP technical lifecycle and its 
four sub-lifecycles, a multi-disciplinary systematic process 
based on standards and routines is necessary. The process also 
has to be able to deal with changes originating from the 
internal organization, customers, the logistics chain, standards, 
legislative/regulatory bodies, etc. This is necessary for 
building trust with customers. Further, the SW and SSS sub-
lifecycles are in some cases very tightly connected. Several of 
the respondents stated that most changes over time will be 
SW-related, whereas the HW will change less (unless the HW
is subject to high wear and tear and high costs for 
replacements or re-manufacturing drive change towards 
further cost-efficient HW). If there are many sub-suppliers, 
IPR issues related to SW and how the SW can be used in the 
SSS (e.g., regarding monitoring) get high-lighted and must be 
managed as well. Further, having many SW sub-suppliers or 
partners makes it challenging to coordinate the progression 
together with the SSS – and it must be tightly 
managed/coordinated. Strategic partners for challenging areas 
such as telematics are needed. As information and big data 
analysis are becoming more and more important, an important 
consideration is the choice of strategic partners/sub-suppliers 
and where to have them in the value chain. Another important 
question is who should own the information – the provider, 
the customer or sub-suppliers/partners? What happens if a 
partner or sub-supplier owns the information and also does 
business with an FP provider’s competitors? The FP planning 
commonly needs a high transparency among the consortium 
partners. The use of sub-suppliers instead of partners can 
create confidentiality issues and impair the transparency 
needed. Further, the information flow requires standards in 
order to be able to efficiently communicate and exchange 
information. Another question, in terms of innovation and 
robustness perspectives, is whether large corporations or 
SMEs should be used as the MO aspects become increasingly 
important, which is the case if the FP provider assumes 
responsibility for operation of entire customer sites. Questions 
such as these need to be well-considered and answered early 
on to avoid problems in the long term.
The respondents commonly state that the function delivered 
needs to be very stable and robust during the first years of the 
technical lifecycle, the SSS and MO need to come into play if 
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something happens, and that problems must be foreseen and
remedied. However, this is easier said than done. Further 
stated was that the service personnel need a high level of 
competency, ability to understand the customers’ processes 
where the FP are used, and be trained to pick up customer 
feedback and operational problems in order to facilitate 
refinement of the FP.
Regarding the four sub-lifecycles, some of the respondents 
stated that they consider the HW, SW and SSS sub-lifecycles 
as one, and others that the SW/SSS or SSS/MO sub-lifecycles
are hard to separate.
Based on the interviews, some initial content outlined in 
the FP technical sub-lifecycles has been removed. The reason 
is that the removed content was considered to instead belong 
to the FP economic lifecycle.
3.2. Outline of FP technical sub-lifecycles
Below, the four FP technical sub-lifecycles are outlined and 
insights and reflections from the respondents are then given.
Hardware
To a large extent, mechanical/mechatronic wear and tear, 
MRO and the set-up of the SSS set the constraints for the HW 
technical sub-lifecycle. As SW often is integrated in the HW, 
the SW technical sub-lifecycle may affect the HW sub-
lifecycle by addition of functionality or if it is impaired. To
achieve a desired level of availability versus costs and 
sustainability, the HW design should balance reliability 
towards maintainability and serviceability. Below is an outline 
of what the HW technical sub-lifecycle may comprise:
x Planning – (new) customer requirements, constraints, 
tangible asset, network and ICT infrastructure
x Design/development - test and simulations
x Realization – integration test
x Operations/usage – MRO, remanufacturing, upgrade, 
waste, reuse
x (End-of-life)
The customer needs/requirements should be modelled in 
order to find the functional requirements for potential use 
cases. A challenge is that the needs/requirements are manifold. 
Further, the HW must be possible to monitor in order to plan 
maintenance and service. In the future, FP will have more 
sensors and similar devices than today – and the simulations 
made during the development will provide guidance as to 
where these sensors and devices are needed. In addition, loads 
and outcome of usage should also be measured in order to 
fulfil contractual parameters.
In the future, customers are expected to make further 
additional changes, for example, changes in one or more 
requirements or performance, during the order phase when 
simulations/tests have been completed. A consequence of this 
is that there will be less physical prototypes and the results 
from simulations will be relied upon to a larger extent.
The FP invites platform thinking, use of base components 
as well as reuse of designs for the HW, which may make it 
faster to develop new FP and modify existing ones – and thus 
faster and less expensive for the customer. Further, this also 
reduces the risks related to HW development and the HW 
technical sub-lifecycle.
Software
The SW and its technical sub-lifecycle provide large and 
critical parts of the FP functionality. Although SW cannot be 
worn and torn as mechanical/mechatronic HW, it may become 
obsolete if it is not managed and maintained adequately. SW 
updates may add increased value creation/delivery/capture for 
both the FP provider and customer. Thus, it is likely that 
considerable efforts will be invested to enhance the SW in 
order to prevent failures/stops and to increase efficiency, 
availability and energy effectiveness, etc. Thus, for many FP,
the SW technical sub-lifecycle is crucial and the significance 
of SW will probably increase in the future. Consideration must 
be continuously given to the HW technical sub-lifecycle.
Below is an outline of what the SW technical sub-lifecycle 
may comprise:
x Planning – (new) customer requirements, constraints, 
operating systems, communications/ICT infra-
structure, application platforms, programming 
languages, software tools/portals/environments
x Design/development – test and simulations
x Realization – integration test
x Operations/usage – bug fix, patch, upgrade, waste 
(code and knowledge etc. not to be reused)
x (End-of-life)
It is of great importance to look for commonalities between 
different FP and their potential platforms. Platforms are 
necessary in many FP contexts. Reuse of SW is necessary to 
improve cost efficiency and cut development time – which is 
necessary if the overall FP lifecycle is short. As the SW has 
great impact on the functionality and user interfaces, etc., the 
customer needs to be involved from an early stage of the 
development and potentially also use simulators to provide 
early customer feedback. As in the HW case, customer needs 
modelling is also important to find the functional requirements 
for the SW and its technical lifecycle. Further, if the SW can 
be upgraded to avoid future mechanical challenges, upgrading
will add great value. Greater flexibility is required in the 
development of SW development than in that of the HW, and 
this development also needs to be speeded up by using 
standard components, platforms and existing code. The SW 
will become additionally complex in the future, which may 
require a higher level of education, as well as knowledge of 
the production process in which the FP is used, in order to 
achieve the full potential of the SW and thus improve 
competiveness.
Service-support system
The main purpose of the SSS technical sub-lifecycle is to 
keep the HW and SW technical sub-lifecycles running over 
time (potentially for long periods of time). Further, the SSS 
technical sub-lifecycle needs to be well-maintained and kept 
up to date continuously. Below is an outline of what the SSS
technical sub-lifecycle may comprise:
x Planning – (new) customer requirements, 
constraints, communications/ICT infrastructure, 
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monitoring systems/analytics/warning/notification 
systems, information systems/knowledge manage-
ment systems, set-up of service-support organization
x Design/development – test and simulation
x Realization – integration test
x Operations/usage – monitoring, reactive/proactive 
maintenance, self-service, maintenance, support, 
asset management (obsolescence/change/config-
uration management), knowledge management
x (End-of-life)
Like the HW and SW technical sub-lifecycles, customer-
needs modelling based on both practical experience and 
wishes is necessary to find the functional requirements. 
Knowledge management is foreseen to increase in importance 
and value. As the SSS is complex (involving quite a lot of SW 
as well) and there are a lot of (external) people involved, there 
are a lot of customer needs and requirements to handle. Actual 
outcome should be considered in relation to stated needs, and 
this requires structured management and supporting 
information systems to keep in order. Further, there must be a
systematic way to manage both reactive and 
predictive/proactive events and maintenance. The SSS should 
strive towards increased use of simulations to find problems in 
order to lower costs and risks, improve availability and 
maintain the customer’s perceived value. Thus, the ability to 
simulate the production process where the FP resides may be 
of great benefit.
Management of operations
Like the other sub-lifecycles, the MO technical sub-
lifecycle should be well-maintained and further developed. As 
the MO manages long-term issues during the overall FP 
lifecycle, it may cause severe problems and negative financial 
impact if not properly managed over time. Below is an outline 
of what the MO technical sub-lifecycle may comprise:
x Planning – (new) customer requirements, constraints, 
life-cycle engineering, risk sharing, research 
collaboration
x Design/development – test, simulation and 
optimization
x Realization – integration test
x Operations/usage – lifecycle management, decision 
making, risk management, availability measurement 
and management
x (End-of-life)
In order to provide FP, there needs to be control based on 
monitoring and data. Thus, simulations of possible scenarios 
including many long-term aspects are necessary to avoid 
costly changes that fail. A challenge regarding simulations is 
that these require models and an understanding of relations
between parameters, and both qualitative and quantitative 
methods needs to be used. Big data is relevant, as the amounts 
of data originating from the FP are foreseen to grow rapidly as 
more and more sensors, etc. are added or designed in from 
start. Multi-disciplinary problems require teams with 
specialists able to flexibly solve problems based on facts.
The customer and the customer’s behaviour may change
over time. These changes need to be simulated and considered 
on a time line in order to avoid surprises later on and maintain 
the trust built up. Further, the change may also affect the 
underlying business model, which may need to be adjusted as 
well over time. This may further require seasoned business 
developers and contract negotiators (with a well-defined 
negotiation space) to interact with the customers and move the 
customers to additional value and a sustainable win-win 
situation.
3.3. Analysis of the FP technical lifecycle’s supporting role 
for the FP economic lifecycle, as well as compliance, 
regulatory and commercial aspects
According to more than one respondent, the FP offers are 
(very) different compared to the product with add-on services 
offers which they also provide to customers. In the FP offers, 
the focus is on availability/up-time, less service/support is 
required and fewer parts or components should need to be 
replaced. This contrasts to the product with add-on services 
offers where the aftermarket services and sale of spare parts 
are crucial. Thus, the FP technical lifecycle differs 
substantially from when the same HW and SW are sold as a 
product with add-on services. A key issue is also to get the 
customers to appreciate the availability/up-time and also pay 
for it. As the FP economic lifecycle has its foundation in 
achieving a sustainable win-win situation between the FP 
provider and customers, the FP technical lifecycle provides 
support to ensure that the availability/up-time levels agreed 
upon are met and unnecessary stops can be avoided by 
predictive and proactive maintenance enabled by monitoring 
of the FP. Some of the large concerns for the FP technical 
lifecycle are compliance (to standards and laws) and 
regulatory additions or changes, which were not possible to 
foresee during the initial design and development. In the best 
case, most of the requirements that may be posed can be 
managed by SW or SSS changes. In the worst case, a re-
design of HW or the whole FP may be required – which may 
potentially stop the overall FP lifecycle if deemed too costly 
and complex to achieve. Thus, the FP contracts may benefit 
from managing this aspect as well. An FP can sometimes be 
used for more than one application and different customer
segments. This allows for differentiated FP offerings 
regarding availability and service content, where a number of 
services can be part of all FP offers and some only for specific 
offers. Thus, the commercial aspects may pose additional 
flexibility requirements on the technical sub-lifecycles – and 
the same configuration may not always be used.
4. Discussion and Conclusions
The paper contributes to theory by verifying and outlining 
additional details of an FP technical lifecycle with its four 
sub-lifecycles. This may be of importance for FP providers, 
customers and researchers. The paper adds to practice by 
providing details on the HW, SW, SSS and MO technical sub-
lifecycles, which are necessary in order to keep the FP 
technical lifecycle running over time. It is clear that the level 
227 John Lindström et al. /  Procedia CIRP  38 ( 2015 )  222 – 227 
of complexity and risk must be managed when coordinating 
four sub-lifecycles in parallel. Regarding the end-of-life for 
the SSS and MO technical lifecycles, it is less obvious than 
for the HW and SW. The managerial implications of the paper 
are that there is a need to plan on a long-term basis when 
offering FP, in order to have strong, well-educated and multi-
disciplinary teams that are able to plan, design/develop, 
realize and operate FP. If providing FP, the employees may 
need a higher formal education combined with continuous 
professional training than previously. A reflection from the 
respondents is that the management needs to trust their teams 
and not impose more limiting constraints than necessary – as 
the complexity is high and unexpected solutions may be 
required. A further reflection from the respondents is that the 
increasing requirements on flexibility in production, 
sometimes with up/downscaling on an hourly basis for 
simpler tasks, differentiates the use of FP as it will require 
more competence from the users/operators. This is an issue 
that needs to be secured, as the FP technical lifecycle may 
span more than one generation of employees (i.e., thirty 
years).
Regarding future research, the findings will be further 
verified by industrial case studies involving additional 
corporations, as this study was limited to four corporations.
To conclude, the FP technical lifecycle and its four sub-
lifecycles needs to be considered from an early stage of the 
conceptualization, design and development to not cause 
severe problems and negative financial impact later on.
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